Elite tactical units complete a variety of demanding tasks and a high level of fitness is required by this population to perform their occupational tasks optimally. The aim of this critical review was to identify and synthesize key findings of studies that have investigated the fitness profiles of elite tactical units. Included studies were critically appraised, using the Downs and Black checklist, and a level of evidence was determined. Relevant data were extracted, tabulated, and synthesized. Fourteen studies were included for review and ranged in percentage quality scores from 46% to 66% with a mean of 57.5%. Moderate interrater agreement (κ = 0.496) existed between raters. A variety of fitness measures were used across various domains of fitness. The most common measures were in the areas of anthropometric measures, strength, power, and aerobic capacity. However, there was high variety in the measures and their protocols. Though fitness appears to be a critical part of research and practice in tactical populations, currently there is no standardized measure or result for this population. Further research in fitness profiling should be completed using standardized outcome measures which cover the spectrum of the fitness demands for this population.
INTRODUCTION
Elite tactical units (ETUs), inclusive of military Special Forces (SF), and law enforcement Special Weapons and Tactics (SWAT) teams are at the forefront of national security and service. These units require their personnel to routinely perform at the highest level; above and beyond the expectations of civilians and regular tactical personnel (i.e. general soldiers or general-duties police officers) (38) . Consequently, their training is typically more demanding than that of elite athletes (1) . For example, to be able to complete their missions, personnel serving in ETUs must be able to successfully perform tasks while carrying significant loads (46) . Previous research has identified that Australian Army soldiers carry up to an average of 48kg into unpredictable and hostile environments (35) . Conversely, the SF members have been known to carry loads in excess of 55kg (49) . Similarly, while general duties police officers are Fitness profiles are a collection of physiological measures employed to measure task-specific abilities. These profiles have even been used to predict performance in sporting environments (3) . The physiological measures that inform these profiles can take into account the physical demands of a given task and have been shown to be useful in the design of programs that address specific weaknesses in fitness relative to task requirements. As such, these profiles can be used as selection criteria in situations where key tasks are known (2, 25) . Whilst at present fitness profiles are used and accepted within professional sport, it is likely that there exists scope to extend the use of fitness profiles to ETU populations. Without a fitness profile -or similar model -the ability to facilitate accurate benchmarking in the training and assessment (in terms of readiness for active duty or deployment) of new ETU personnel or for those returning from injury is restricted (5) .
Established fitness profiles for ETUs could underpin the creation of specific strength and conditioning programs, return to active duty guidelines, and inform recruit selection. Specific fitness profiles allow strength and conditioning programs to be tailored to each unit, and to mark measures that determine their success (3) . Programs could subsequently be modified on an individual level, addressing areas of weakness within the individual subject's fitness profile as they relate to the profiles of the group or unit. Considering this approach it is not surprising that the National Strength and Conditioning Association (NSCA) note that fitness profiles, through specific measures, have demonstrated the ability to reduce the risk of reinjury (2) .
As previously mentioned, fitness profiles have a wide range of applications, such as return from injury programs. For these reasons, the aims of this critical literature review were to identify, critically appraise, and synthesize key findings from the current body of knowledge on fitness levels within ETU populations through which to inform an ETU fitness profile.
METHODS

Protocol
Search Strategy: A two-tiered approach was employed to identify and include relevant studies to inform this review. The first tier consisted of a systematic search of key databases, completed on 18 August 2017. The databases searched were chosen based on their large number of peer-reviewed material in this area of interest and included Pubmed, Embase, and CINAHL. Search terms were carefully selected based on a preliminary review of relevant literature, and the shortlisting of re-occurring terms deemed relevant to the subject of this review. Once these key search terms were identified, the research team conducted searches International Journal of Exercise Science http://www.intjexersci.com 1043 using the terms and databases outlined in Table 1 . Secondly, known researchers in this field sourced other studies of relevance from either grey literature or peer-reviewed full-text known to them. This process was used to capture studies that were not identified in the previous search due to their specific journals not being indexed with the databases. Where available, database filters were used to aid in only capturing research relevant to this review.
Following collection of all studies, duplicates were removed, and the remaining studies were screened by title and abstract for relevance. As with all reviews, there was a potential for search bias, duplication bias, inclusion criteria bias and selector bias (51) . To minimize these biases, numerous strategies were employed. Search bias was limited via use of broad search terms to capture all studies, while duplication bias was limited during the first step of screening by removing all duplicates. Two reviewers (DM & TW) independently and separately screened and selected the studies to limit selector bias and ensure an objective selection. Lastly, inclusion and exclusion criteria (Table 2) were established prior to screening. The PRISMA diagram (32) (Figure 1 ) outlines the search process in its entirety. Quality Assessment: All included studies were then critically appraised using a modified Downs and Black checklist (18) . This checklist is a twenty-seven question assessment that analyses the methodological quality of a study and provides an overview of the strengths and weaknesses of the study (18) . It has previously been validated for use in studies on tactical populations (8, 10, 30) . Due to the subjectivity of question twenty-seven (19) , the Downs and Black checklist was modified for this review. Specifically, the question regarding statistical power was modified from its original six-point scale, to a two-point scale. This modification has previously been used in research to minimize the inherent subjectivity (19) . One point was awarded if the authors reported a sample size or power analysis, while zero points were
International Journal of Exercise Science http://www.intjexersci.com 1044 awarded if sample size or a power analysis were not mentioned. This modified approach reduced maximum possible points from the original 32, to 28. Data Extraction: After the final studies were selected, appraised, and graded, key data were extracted. Given that either very few or no research papers specifically profiling the fitness of ETUs were expected, data extraction of physiological measures used in ETU studies was used to inform the profiles of ETUs. This was a key consideration during the extraction process. Data extracted included author and year of paper; any data pertaining to patient characteristics, anthropometric measures, strength, power, endurance, flexibility, aerobic measures, agility and speed. The definitions used to categorize the fitness measures were taken from the National Strength and Conditioning Association (3). Anthropometric measures were defined as the measurements applied to the human body and generally included
International Journal of Exercise Science http://www.intjexersci.com 1045 measurements of height, weight, and selected body and limb girths. Muscular strength was defined as the force a muscle or muscle group can exert in one maximal effort and that could be quantified as the maximum weight lifted once. Power was defined as the ability of a muscle to exert high force while contracting at high speed. Endurance was defined as the ability of a certain muscle or muscle group to perform repeated contractions against a submaximal resistance. Flexibility was defined as the range of motion about a body joint. Aerobic capacity was defined as the maximum rate at which an athlete, or specific to these papers tactical personnel, can produce energy oxidation of energy resources. Agility was defined as the ability to stop, start, and change the direction of the body or body parts rapidly and in a controlled manner. Speed was defined as a displacement per unit time, typically quantified as the time taken to cover a fixed distance.
Statistical Analysis
In instances where a measure was reported in only one study, the mean value for that measure was reported. For measures reported in more than one study, a 'mean of means' was determined by adding all the means together and dividing by the number of means for that fitness measure. In addition, the lowest mean of the studies and the highest mean of the studies using that measure were included to demonstrate the range of means.
RESULTS
Search Results: After the use of specific inclusion and exclusion criteria (Figure 1 ), 14 studies were included for review. Of the fourteen included studies, 11 studies included various forms of military special forces (16, 17, 25, 31, 33, 34, (43) (44) (45) (46) 48) , while three included members of elite police units (11, 12, 38) . Six studies were from the United States (11, 12, 33, 34, 38, 43) , two from both Croatia (31, 48) and Tunisia (16, 17) , and one each from Germany (46), Australia (25) , England (44) , and Norway (45) . Eight studies reported only have male participants (12, 16, 25, 31, 33, 34, 38, 44) , while in the remaining six studies gender was not specifically identified (11, 17, 43, 45, 46, 48) . Three of the included studies were also identified from an expert in the field and not a part of the original search strategy (11, 12, 25) .
Critical Appraisal Results
The Cohen's kappa analysis revealed a moderate agreement between raters (k = 0.496) (52) . Raters disagreed most frequently on questions 4, 8, 10, 16, 17, 19, 21, and 26 . This is likely due to the inherent subjectivity of these questions, as well as study design. The average score of the studies was 57.5% indicating fair quality with the lowest score of 46% (31) and the highest score of 68% (43) (see Table 3 ). Studies were consistently given lower scores in the areas of internal validity. This is likely due to the fact that none of the included studies were randomized-control studies and as such no blinding was implemented and therefore lower scores were awarded. Considering the focus of this review, the lack of randomization is not anticipated to impact on the profiles being established. However, as the raters were not blinded during the data collection, an internal bias, whereby higher scores were expected may have occurred.
International Journal of Exercise Science http://www.intjexersci.com 1047 BF (%)= 11.50 ± 2.70 LBM (%) = 51.00 ± 2.00 1RM LP (kg) = 300.00 ± 38.00 1RM BP = 104.00 ± 11.00kg Pull Ups(reps) = 9.00 ± 4.00 Brutal Bench (reps) = 14.00 ± Anthropometric and Fitness Measures: The most common measures taken were anthropometric measures, specifically BMI (body mass index) and body fat percentage, which were reported in 11 out of 14 studies (11, 12, 16, 17, 33, 34, 38, 43, 45, 46, 48) and aerobic measures which were reported in 10 out of 14 studies (11, 25, 31, 33, 38, (43) (44) (45) (46) 48) . The next most common tests performed were assessing power, reported in nine studies (12, 16, 17, 25, 34, 38, 43, 45, 48) , followed by strength, assessed in eight studies (12, 17, 25, 34, 38, 43, 45, 48) , and muscular endurance, in seven studies (11, 17, 25, 31, 38, 45, 48) . The least common tests were flexibility, measured in only four studies (25, 38, 45, 48) , speed, also reported in four studies (12, 16, 46, 48) , and agility, in only two studies (25, 45) . However, the protocols through which these fitness assessment data were collected in the studies varied. Considering these potential protocol differences, which will be discussed later in the text, Table 4 presents an overview (minimum, mean of means and maximum) of the anthropometric and fitness measures. (38, 45, 48) , shoulder press (mean=68.20kg) (38) , and leg press (mean of means=271.70 ± 40.02kg; range of means=243.40kg (38)-300.00kg (45)) (38, 45) were used, as well as a bench press estimated one repetition maximum test (mean=80.65 kg)
International Journal of Exercise Science http://www.intjexersci.com 1054 (17) . Other measures of strength included hand grip strength (R Hand mean=56.24kg, L Hand mean=53.57 kg) (17) , sit ups of increasing difficulty (mean=level 4.60) (25) , leg/back chain dynamometer, a device which measures isometric strength as the participant lifts as if performing a deadlift (mean=117.20kg) (12) , machine simulated clean (mean=81.50kg) (34) , and "Brutal Bench", where subjects were suspended vertically from an abdominal bench with knees bent to 90 degrees and ankles secured while holding onto a rope behind their neck and pulling up so their elbows contact their knees (mean=14.00 reps) (45) .
Power was also measured in various ways including vertical jump (mean of means=49.60 ± 6.41cm; range of means=41.80 cm (38) -55.70 cm (25)) (12, 25, 34, 38, 43) , medicine ball put (mean of means=386.40 ± 267.50 cm, range of means=31.87 cm (48) (12)) using Sayers equation (12), Harman Formula (34), or an absolute and relative power output equation (16) .
Muscular endurance was measured by either a back extensor hold (mean=49.30 s) (38) , max pull ups (mean of means=8.34 ± 0.94 reps; range of means=7.67 reps (11)-9.00 reps (45)) (11, 45) , pull ups in 15 seconds (mean=10.91 reps) (17) , pushups in 15 seconds (mean=18.33 reps) (17) , horizontal bar bends, defined as lifting the body by the arms for the chin to each bar level with body in vertical position (mean=6.60 reps) (31), bent hangs, defined as descending from straight hang, with elbows bent for the shoulder to touch the hand on the bar, thereafter lifting the body to stretch the arms out (mean=9.48 reps) (31), bends with bar, lying on the back with feet fixed, lifting the trunk to sitting position, (mean=30.68 reps) (31), knee bends with 30kg, defined as having weight on the back and slightly astride, descending to crouch, then lifting the body to stretch the legs (mean=33.88 reps) (31), sit ups in 2 minutes (mean of means=59.49 ± 4.20 reps; range=56.52 reps (11) -62.46 reps (48)) (11, 48) , pushups in 2 minutes (mean of means=60.48 ± 4.20 reps; range of means=56.46 reps (48) -64.50 reps (11)) (11, 48) , pushups with a 2 second cadence (mean=69.00 reps) (25) , and med ball heaves with a 4 second cadence (mean=12.00 reps) (25) .
Flexibility was measured by sit and reach (mean of means=39.92 ± 31.63 cm; range of means=13.57 cm (48) -75.00 cm (38) ) (25, 38, 48) , lunge distance (R Lunge mean=145.60 cm, L Lunge mean=148.70 cm) (38) , hip extension based on distance from stepping test (R Hip mean=20.50°, L Hip mean=21.40°) (38) , goniometry of the ankle (R DF mean=13.00°, L DF mean=12.40°, R PF mean=64.80°, L PF mean=64.20°) (38) and FMS 8 test version (mean=18.00) (45) .
A range of measures of aerobic fitness were performed including treadmill based aerobic testing using the VO2Max, both relative (mean of means=53.95 ± 5.21ml/kg/min; range of means=45.30ml/kg/min (38) -60.00ml/kg/min (45)) (33, 38, (43) (44) (45) (46) and absolute (mean of means=4.40 ± 0.19L/min; range of means=4.22L/min (43) -4.67L/min (46)) (33, 43, 44, 46) , a 3200m (mean of means=14.60 ± 0.57 min; range of means=14.20 min (48) (31)) (25, 31) and a 3.2 km battle run (mean=15.0 min) (25) . Three studies that reported VO2Max results also reported other figures such as RER, blood lactate and heart rate among others (33, 44, 46) . Agility was measured in a variety of ways including a 5-10-5 shuttle test by Solberg (45) and a 5-cone drill where each cone was placed 3m apart in a zigzag pattern by Hunt (25) . The average of the 5-10-5 shuttle test was 5.20 seconds, while the average of the 5-cone drill was 8.10 seconds. Finally, speed was measured via a 20m sprint (mean of means=3.50s, ± 0.353s; range of means=3.25s (12)-3.75s (48)) (12, 48) , 10m sprint (mean=1.94s) (12), 5m sprint (mean=1.17s) (12) , max velocity during treadmill step protocol to physical exhaustion (mean=4.54 m/s) (46), or a 5m rope climb time (mean=15.55s) (16) .
DISCUSSION
The aims of this critical literature review were to identify, critically appraise, and synthesize key findings from the current body of knowledge on fitness levels within ETU populations to inform an ETU fitness profile. This review found that the research was generally of 'fair' quality. Furthermore, the research came from a wide variety of countries and included a wide variety of measures although there were some commonalities.
Literature Quality: With an average of 57.5%, the overall quality of the research presented in this review is of fair quality based on the Kennelly grading system (23) . likely due to the consistently lower scores given in the internal validity section of the Downs and Black scoring tool, due to the studies not being randomized control trials (18) . However, it is important to note that the overall quality of the included studies is still graded as fair (23) and is acceptable for the purpose of profiling fitness levels as the lack of randomization is not considered to have had a negative impact on the ability to withdraw specialist data in order to inform ETU fitness profiles.
Anthropometric Measures: Despite BMI being calculated similarly across all studies. specialist police officers possessed the three highest scores, possibly due to physical demands and of specialist police populations compared to elite military, who tend to carry heavier loads (49) , and may experience periods of caloric deficit and limited sleep (34) . A higher BMI may significantly affect performance in multiple areas including muscular strength, muscular endurance, muscle power, aerobic capacity, and load carriage performance (13, 40) . The findings in these specialist police officers highlight a potential concern noted amongst law International Journal of Exercise Science http://www.intjexersci.com 1056 enforcement, whereby police officers are known to suffer a higher rate of cardiovascular disease than the general population (39).
Body fat percentage was measured using a range of different techniques and therefore, direct comparison is difficult. With dual-energy X-Ray absorptiometry (DEXA) being considered a gold standard for measuring body composition (55), the findings of the study by Sharp (43), suggest a similar result. These results suggest that elite tactical units generally possess a lower body fat percentage (mean of means=15.08% ± 2.65% (33, 38, 43, 45, 48) ) than the general population (20.10% (15)), general police (18.50% (6)), and general military (17.30% (40)).
Muscular Strength: Measures of strength also varied notably in the various studies, which makes direct comparison difficult, and reasoning was not always explained (12, 45) . (38) , which may be due to different occupational demands as military forces tend to carry heavier loads than police forces (35) . However, these differences may also be attributable to differences in testing procedure, and these studies did not go explain in enough depth in their leg press procedures to allow for comparison (38, 45) . When looking specifically at 1RM Bench Press, it can be seen that these results are higher than those in the general population (88.90 kg (27) ), while similar to those in the general police (96.30 kg (6)) and general military (100.90kg (54)), suggesting that these elite tactical units have higher muscular strength than the general population, and similar muscular strength than those in a general police or general military unit.
Power: Power was also measured using various methods, including a vertical jump and a medicine ball throw. Measurements taken in the specialist policing population (41.80 cm and 55.40 cm) (12, 38) were comparable to those found in elite military populations (44.10 cm and 55.70 cm) (25, 34) , demonstrating similar lower limb power despite differences in lower limb strength, suggesting the differences in 1RM leg press above may be due to procedural differences. Upper body power was measured using a medicine ball throw, and experienced high variety in results, ranging from 31.90 cm (48) to 678.90 cm (43) . The result of 31.90 cm appears to be an extreme outlier, and the reason why is unknown, as the procedure used in that study (48) was similar to the study that produced the result of 678.90 cm (43), the only difference being the weight of the ball.
International Journal of Exercise Science http://www.intjexersci.com 1057 Peak power was calculated using a variety of methods, impacting direct comparison. In the study by Dhahbi et al. (16) lower peak power (251.13 W) was found compared to the SWAT officers (5531.63 W) (12) and the U.S. Army Rangers (3972.00 W) (34),likely because power was calculated using an upper body test in the study by Dhahbi et al (16) , instead of a vertical jump (12, 34) . SWAT officers demonstrated the highest peak power when compared to the U.S. Army Rangers and could be attributable to the difference in equations used (12, 34) . Upper body power tests may be useful in military special forces, due to their requirement to bear their body mass with, and attached loads to, their upper limbs. This ability may not be seen commonly in specialist police forces (17) .
ETUs, on average produced a vertical jump (mean of means=49.60 ± 6.41cm (12, 25, 34, 38, 43) ) higher than the general population (30 cm (9)) and general military (44 cm (24)), and on a similar level to general police depending on age (40.34 cm to 58.47 cm (14)).
Muscular Endurance: Muscular endurance was also recorded in a variety of ways and included pull ups, sit ups, back extensor holds and more. Maximum pull ups were performed in both specialist police and elite military populations and performance was similar across both (11, 45) . This is confirmed by performance in two-minute push up and two-minute sit up tests (11, 48) . There were also a variety of measures that did not include push ups or sit ups, such as bent hangs, knee bends, and bends with bar, however these papers failed to describe a reason for why these measures had been chosen and recorded (25, 31) . When comparing similar tests, ETUs demonstrated higher muscular endurance in push ups and sit ups compared to the general population (push up: 4 to 41 repetitions; sit up: 13 to 75 repetitions (3)), general police population (push up: 39.20 to 46.52 repetitions; sit ups 25.40 to 40.98 repetitions (14) , and general military (push up: 60.2 repetitions; sit up: 70.5 repetitions (50)).
Flexibility: The only measure of flexibility similar across multiple studies was the sit and reach test (25, 38, 48) . This measure experienced a high range of variation (range of means= 13.57 cm (48) -75.00 cm (38) ) (25, 38, 48) . However, these studies failed to describe their procedure in enough detail (38, 48) , o allow comparison. Given these limitations, those in a specialist policing population appeared to perform better on the sit and reach (38) . In the male general population, sit and reach test scores ranged from 12.70 cm to 55.88 cm depending on age (14) , while in general police these scores have been reported as 45.00 cm (47) . In a general military population, Heinrich et al. (24) reported findings of 27.60 cm. The results reported in the general population and general military are lower than the mean of means in the studies (mean of means=39.92 ± 31.63 cm (25, 38, 48) , found by this review, while the general police recorded a higher result than the ETUs.
Aerobic Fitness: In a similar manner to many of the other assessments, aerobic fitness measures varied greatly in testing procedures. VO2 Max, both relative and absolute, were the only similar measures across all studies. From these results it was found that those in military special forces have a higher VO2Max (33, (43) (44) (45) (46) ) when compared to a specialist police force (38) , International Journal of Exercise Science http://www.intjexersci.com 1058 though only one specialist police force reported VO2 scores. The results in this study do however show that elite tactical populations have a greater relative VO2 max when compared to the general population (42.4 to 44.5 ml/kg/min(53)), general police force (37.50 ml/min/kg to 44.90 ml/min/kg (14) ) and general military personnel (47.80 ml/min/kg (41)) depending on age.
Agility and Speed: Lastly, agility and speed did not have any similar measures across the various studies, making comparisons between populations difficult. With the exception of one study, who based their agility measure off validation in sports (45) , no studies reported reasoning behind their choice of tests. In a general population, sprint speeds for 5m, 10m, and 20m were found to be 1.11s, 1.92s, and 3.33s respectively (9), demonstrating a similar speed in elite tactical units as found in this review (5m=1.17s (12), 10m=1.94s (12), 20m=3.50s (12, 48) ). It is important to note that the general population measured consisted of participants of noncompetitive sports team with an average age of 23.90 years (9), which may explain the similar sprint times. When comparing agility, general military was found to have a time of 5.70s in a 5-10-5 shuttle test (24), which is slower than the time reported in an ETU population (5.20s (45)).
Summation: Elite tactical populations have higher fitness measures across almost all domains, except for sprint speed, power, and muscular strength. This can be intuitively understood given the higher occupational task demands elite tactical units undergo (38) . Further, the results support the supposition that ETUs will require high levels of fitness and continued fitness training to be able to perform their occupational requirements (36, 42) . While there were areas where general tactical populations had similar, or even higher measurements, i.e. sprint speed, power, and muscular strength, these results need to be considered with caution given the variability in testing protocols, as well as the limited ETU data. With more research and more comparable measures, a more informed relationship can be drawn between fitness in ETUs and the general population, general military forces and general police forces.
A wide variety of measures were used throughout these papers, making direct comparison difficult. Moving forward, research should investigate specific measures and how they correlate to injury risk or task performance or utilize tests that have already been previously validated in the literature. For example, the 20m Progressive Shuttle Run has been validated as a way to establish aerobic fitness (29) , and been linked to injury risk in military (37) . Upper body strength measures such as a one repetition max pull up and bench press may also be recommended as they are highly correlated with loaded march performance (42) , an important requirement for specialist personnel (46) . It could be that certain tests will be better suited for certain groups, however with More research on various measures and their impact on various tactical groups will allow ETUs to choose which measures make up their specific profiles and meet their specific needs. If other measures are chosen, researchers should explain the thought process and reasoning behind their selection to better allow for an understanding of why variations in measures occur.
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The three key fitness measures that should make up any profile are aerobic fitness, muscle endurance, and muscle strength, as seen by their impact on task performance and injury risk (36, 42) . However, the ways these are measured needs to be further researched and analyzed so the highest quality and most task-specific measures can be used to assist ETUs in returning their members to active duty from injury. These fitness profiles can also lead to the development of specific strength and conditioning programs that are focused on improving task and field performance and ultimately this can allow ETUs to continue to be the forefront of national security, and to perform above and beyond what is expected of the general tactical population.
